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1. INTRODUCTION

The accuracy of an air pollution prediction 
model can be evaluated only by measuring its 
ability to reproduce an air pollution episode. 
This ability is often measured by comparing the 
time changes of the predicted with the observed 
air pollution concentrations at several monitor
ing stations within the prediction area. Often, 
the predicted and observed time-average concen
trations are compared and/or the temporal cor
relation coefficients are formed between these 
quantities at each station. This rather one
dimensional view has resulted in a controversy 
over which of the current urban air pollution 
prediction models is best. Table 1 shows a 
typical result of such an evaluation. The 
column labeled "Model" lists the references as 
well as the numerical technique used, i.e. 
trajectory, particle-in-cell, etc. All of 
these models predict carbon monoxide, CO, con
centration from extended area sources and all 
but the model by MacCracken, eit al. (1971) are 
applied to the Los Angeles basin. The model by 
MacCracken, et_ al. is applied to the San 
Francisco Bay area. In the column labeled 
"Average Temporal Correlation," the station 
average of the temporal correlation coefficient 
formed for each model is listed. In cases 
where several predictions were performed, the 
average of the correlations from all predictions 
is used. The column labeled "Computation Time," 
estimates the computer time, in minutes, re
quired by each model for a 24-hour forecast 
using an IBM 360/65 machine. Finally under 
"Computer Cost," the approximate cost for this 
24-hour prediction, in dollars, is presented.

One obvious result of such an evaluation 
is that although many of the models are roughly 
of equal accuracy, there is a great disparity 
in their complexity and operating cost. This 
is the basis for the above mentioned 
controversy. In this discussion, a more com
prehensive method of evaluation is proposed and 
applied to the CO air pollution models listed 
in Table 1. The method in essence takes into 
account the spatial variability as well as the

temporal variability of the prediction. The 
following are a few of the results observed:
1) models which were previously regarded accurate 
on the basis of their time correlations, are not 
so accurate when the comprehensive evaluation 
is used; 2) the detailed modeling of vertical 
diffusion is of little significance in deter
mining ground concentrations of CO; and 3) model 
predictions are sensitive mostly to the source 
emissions.

TABLE 1

MODEL EVALUATION BASED ON TEMPORAL CHARACTERISTICS

Average Computer Time Computer Cost 
Temporal for 24 Hour for 24 Hour Model

Correlation Prediction Prediction 
Coefficient (min) (dollars)

MacCracken et al (1971) 0.37 106 350
multi-box

24 Hour Persistence 0.47 None None
Roth et a/ (197 0.52 60 200

primitive equation
Hanna(1973) 0.60 None None

ATDL simple model
Sklarew el a/ (1972) 0.65 49 160

particle-in-cell
Pandolfo and Jacobs (1973) 0.66 20 70

primitive equation
Reynolds et al (1973) 0.73 30 100

primitive equation
Eschenroeder et al (1972) 0.73 15 50

trajectoiy
Lamb and Neiburgcr(1971) 0.90 35 115

trajectoiy
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2. THE METHOD

If a prediction model is to accurately 
reproduce an air pollution episode, it must 
reproduce at each monitoring station the ob
served time-varying pollution concentration, 
and reproduce at each monitoring time the 
observed space-varying pollution pattern. The 
degree with which the observed time-varying con
centration is reproduced is measured in part by 
the station (spatial) average of the temporal 
correlation coefficient formed at each station, 
T^tT5. This term can be regarded as the measure 
of the model's ability to reproduce the observed 
temporal trends of air pollution over the whole 
network of monitoring stations. In the same 
manner, the degree with which the observed 
spatial trends of air pollution are reproduced 
over the entire prediction period is measured 
by the time average of the correlation coefficient 
formed between the predicted and observed pat
terns of the concentration isopleths at each 
monitoring time, k(s)c. The temporal and 
spatial correlation coefficients are discussed 
in the Appendix. Ideally, K(t)s and 'KTs7t 
would equal unity. Often, however, there is 
insufficient spatial resolution of the data 
to form the isopleths needed to determine RCs)*-. 
Instead, at each observation time, a correlation 
coefficient is formed using the predicted and 
observed pollution concentrations at all monitor
ing stations. It is expected that this term in 
quality, at least, reflects the correlation of 
the observed and predicted concentration patterns:.

f~ c;
As indicated above, K(s; and k(t) do not 

completely measure a model's accuracy. The 
ability of a model to reproduce the time and 
space varying amounts of air pollution must 
also be measured. This can be done in the 
following way. At each monitoring station, 
the time average of the ratio of predicted to 
observed concentration is formed; these time- 
averaged ratios are then averaged over all 
stations and called r(t)s. Next, at each 
monitoring time, the space average of the 
ratio of predicted to observed concentration 
is formed; these are averaged over all monitor
ing times and called Tfs)*-. The formation of 
these averaged ratios is explained in the 
Appendix. Because of the way these averages 
are formed, r(t)s equals r(s)t (see Appendix), 
and this number represents the totally averaged 
ratio of the predicted to observed air pollution 
concentration. If a model reproduces exactly 
the air pollution averaged over space and time 
(e.g. the 24-hour averaged air pollution in 
the Los Angeles basin), then for the model 
rTs7t = r(t)s = 1. However, while these aver
aged ratios are equal, their standard deviations 
are not, and these deviations represent the 
error or variance contained in the models 
prediction of the time-and space-averaged amounts 
of the air pollution. Let the space average 
of the variance in the time-averaged prediction 
be designated by a(t)s, and the time average of

the variance in the space-averaged prediction 
be designated by oTs7t.

The evaluation of the accuracy of an air 
pollution prediction model requires the forma
tion of the following quantities:

R(t)S, RCs)1, r(t)S + o(t)S, and T(s)t~ + oCs)*".

The ideal model would have

R(t)S = RCs)1 = 1

and

r(t)S + <?(t)8 = rCs)*" + cr(s)t = 1.

3. ILLUSTRATION OF THE METHOD

As an illustration of this evaluation 
method, the above quantities are formed for 
each of the CO prediction models listed in 
Table 1. The plot of the space average of the 
temporal correlation coefficient, K(.t)s, versus 
the time average of the spatial correlation 
coefficient, R(s)L, is shown in Figure 1 for 
each model. It is seen that the models repro
duce the temporal trends better than the spatial

• ROTH et at. (1971)
* REYNOLDS et at. (1973)
■ HANNA (1973)
» PANDOLFO AND JACOBS (1973)
0 SKLAREW et ot. (1972)

A LAMB AND NEIBURGER (1971)
♦ MocCRACKEN et at. (1971)
° ESCHENROEOER et at. (1972)

0 0.2 0.4 0.6 0.8 1.0
ms)T

Figure 1. R(t)S versus R(s)
Average result for each 
model tested.
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trends, with the exception of the San Francisco 
Bay area model (MacCracken, et^ al.). The dif
ferences in the ability of the models to repro
duce the spatial trends is also quite obvious. 
In Figure 2, the space average of the time- 
averaged ratios of the predicted to observed 
CO concentration, r(t)s, is plotted against 
the time average of the space-averaged ratios 
of the predicted to observed concentrations, 
TCs) with accompanying error bars representing 
the standard deviations o(t)3 and o(s)t. Com
paring Figures (1) and (2), several significant 
features are observed. First of all, while 
Hanna's application of the ATDL simple air pol
lution model reproduces the observed trends of 
pollution as well as the complicated particle- 
in-cell model (Sklarew, et_ al.), there is a 
great difference in their ability to predict 
the amounts of air pollution, with the ATDL 
simple model seriously over-estimating the 
observed concentrations. Secondly, the tra
jectory model of Lamb and Neiburger which from 
Table 1 and Figure (1) might be judged the best 
of the models, seriously underpredicts the 
observed CO concentration. Finally, while the 
accuracy of the temporal and spatial trend 
prediction of the Systems Application 1973 
model (Reynolds, et al.) is greatly increased 
over its original 1971 form (Roth, et al. 
(1971)), there is no correspondingly large 
change in ability to predict the amount of CO.

• ROTH el ot. (I97()

» REYNOLDS el ai ((973)

• HANNA ((973)

» PAND0LF0 ANO JACOBS ((973)

0 SKLAREW el al. ((972)

a LAMB ANO NEIBURGER (1970

• MocCRACKEN e! ai ((970
° ESCHENROEOER el ai ((972)

o 24 hr PERSISTENCE

Figure 2. r(t)s + o(t)s versus r(s)1" + o(s)t
Average result for each model tested.

____ In Figure (3), o(t)s is plotted against
o(s)t. Again we see that while Hanna (1973) 
and Sklarew, et_ al. (1972) reproduce the trends 
equally as well, there is a great difference in 
the variances of the predicted amounts of air 
pollution. We also see that the primitive 
equation models have greater error (variance) in 
their spatial predictions than in their temporal 
predictions, i.e. o(s)1 > a(t)s, while the re
verse is true for the trajectory, particle-in
cell, and box models.

4. RESULTS OF THE EVALUATION

From the above illustration of the evalua
tion of the evaluation method, two results fol
low. First of all, it seems clear that the 
detail of the vertical diffusion calculations 
is not very significant in determining a model's 
accuracy. Note that Lamb and Neiburger's model 
has no vertical detail in the distribution of 
pollution concentration. The Systems Application 
1971 model had ten levels in the vertical while 
the 1973 version has only five. The model of 
Eschenroeder, et al. (1972) also has five levels, 
while the ATDL simple model assumes a gaussian 
distribution of pollutants in the vertical.
This observation is further confirmed by Reynolds, 
et al. (1973) who compared a two-dimensional 
Tno vertical diffusion) model with their five- 
layer model, and found that "differences in pre
diction were generally (though not always)

• ROTH et al. (1970
a REYNOLDS et al. (1973)
• HANNA (1973)
t PANDOLFO AND JACOBS (1973) 
0 SKLAREW et at. (1972)
A LAMB AND NEIBURGER (1971)
• MocCRACKEN et at. (1971)
a ESCHENROEDER et at. (1972)

0 0.5 1.0 1.5 2.0?77)T
Figure 3. a(t)S versus a(s)t

Average result for each model 
tested.
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rather small." They go on to recommend that 
"the question of dimensionality be further 
explored in future studies of model sensitivity."

The second result is that model sensitivity 
and accuracy are dependent mostly on the degree 
of detail of the source emissions inventory.
This is quite evident in comparing the Systems 
Application 1971 and 1973 models and their 
respective results. The 1973 meteorological 
model has been simplified ("detuned") with 
respect to its 1971 form. For example, the 
original vertical resolution is halved, and 
a less accurate finite differencing scheme is 
used for the horizontal advection together with 
a less detailed wind field. However, in the 
1973 model a much more detailed source emissions 
Inventory is utilized. This appears to have 
more than compensated for the "detuning" of the 
earlier meteorological model because the result
ing overall accuracy has been improved.

5. CONCLUSION

A method for evaluating the accuracy of air 
pollution models has been proposed. The method 
measures a model's ability to reproduce the 
observed spatial and temporal trends of air pol
lution, as well as the observed spatial and 
temporal amounts of air pollution and their 
respective errors. This method was illustrated 
by evaluating several models of CO air pollution. 
Initial results of this evaluation are that:
1) models previously regarded as quite accurate 
are infact, less accurate when comprehensively 
evaluated; 2) the Los Angeles Basin models re
produce the observed temporal trends of air 
pollution better than observed spatial trends, 
while the reverse is true for a San Francisco 
Bay area model; 3) primitive equation models 
have greater variance in their spatial pre
dictions of air pollution concentrations than 
in their temporal predictions, while the reverse 
is true for trajectory, particle-in-cell and box 
models; 4) the detailed calculation of vertical 
diffusion does not appear significant in the 
prediction of air pollution ground concentrations; 
and 5) a model's accuracy is sensitive mostly to 
the degree of detail of the source emission 
inventory.

APPENDIX: FORMATION OF THE STATISTICS

Let the predicted and observed concentra
tions at the t'th monitoring time and the s'th 
monitoring station be given by Ps j. and 0S 
respectively. The temporal correlation * 
coefficient is formed at each monitoring station 
by

(i)

where T is the number of monitoring times and

(2)fir

&A,T ~ QjjZ ~ C\z (3)

The overbar denotes a time average. The spatial 
average of the temporal correlation coefficient, 
K(t)=, is given by

(4)

where N is the number of monitoring stations.

The spatial correlation coefficient is formed 
at each monitoring time by

where

(6)

(7)

The overbar denotes a space or station average. 
The temporal average of the spatial correlation 
coefficient is given by

(8)

The time average and the space average of the 
ratio of the predicted to observed concentrations 
is given respectively by

fc<ri = f£(e,r/fcV) <9>
/»/

and ,

£ CA) = 1) (10)
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The space average of the time-averaged 
ratios is

___ y
r<X) -yY,

A-/
 fc(r) (11)

The time average of the space-averaged 
ratios is given by

(12)

We can easily show that r(t)S = rCs)*" by 
using (9) to (12) as follows.

y
nt) - -jy? I rA (r)

A-r r
'^7 I I O^r/o*,t)

4;/ J’i

Tz/

T-l
---- Tr- rc-4.)
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